The effect of an oral load of phenylalanine (100 mg/kg body weight) on the levels of neopterin and biopterin in urine has been determined in 8 heterozygotes for classical phenylketonuria and 25 supposed normal controls. In basal conditions, neopterin and biopterin levels were significantly different between males and females. A significant increase in urinary biopterin was found two hours after the phenylalanine load, both in heterozygotes and in normal homozygotes. This increase was maintained at least until the fourth hour. Neopterin leve ls did not suffer any change during that period.
Introduction
Methods for classical PKU carrier detection have been developed with the aim of applying them to genetic counseling and population studies. Direct measurement of the enzyme activity has not gained practical relevance because Phe hydroxylase is mainly found in the liver and its analysis implies a liver biopsy. Instead, as PKU heterozygotes present altered levels of Phe and Tyr in blood, indirect biochemical methods based on measurement of these two amino acids have been widely used (1) . Since the human gene of Phe hydroxylase was characterized (2) , DNA analysis began to be applied to study PKU. However, its use in heterozygote detection is still limited to family studies I) Author to whom correspondence should be addressed. Enzymes: Phenyla lanine hydroxylase, phenylalanine 4-monooxygenase (EC 1.14.16. 1) with an affected member, a situation that would prevail until knowledge of the molecular defect of all PKU mutations is reached (3).
Hydroxylation of Phe is related to the metabolism of pteridines by the requirement of tetrahydrobiopterin (H4Bip) as the enzymatic cofactor for Phe hydroxylase (4) . A defect in the metabolism of the pteridine cofactor leads to a kind of hyperphenylalaninemia (HPA) called HPA due to H4Bip deficiency (5). Analysis of pteridines in urine has been successfully used in the identification of heterozygotes for HPA due to a deficiency in the cofactor (6) .
Based on the observation that Phe plays a role in the regulation of tetrahydrobiopterin metabolism (7, 8) , we have analyzed biopterin (Bip) and neopterin (Nep) in urine from classical PKU heterozygotes and normal controls to test whether this analysis could be also used in the detection of carriers for classical PKU.
Material and Methods

Subjects
The study group consisted of 8 obligate PKU heterozygotes (parents of PKU children) and 25 supposed normal controls. Their age was between 20 and 40 years. Criteria of acceptance into the study group were that subjects were not under any infectious process or under any kidney, liver, renal or neoplastic disease. None of the females were on oral birthcontrol medication.
Sampling
Second urine was collected after an overnight fast. Then, subjects were given an oral load of L-Phe (100 mg/kg body weight) and urine was collected after two and four hours. Samples (500 ~I) were immediately oxidized by adding 500 ~l of a mixture of 1 % 1 2 /2% KI in 1 M HCI. After incubation in the dark at room temperature (1 h), samples were centrifuged at 10.000 x g for 3 min. The excess of iodine in the supernatant was reduced by addition of 100 ~l of 2% ascorbic acid. Samples were frozen at -20°C until analyses. Nep and Bip were analyzed by high-performance liquid chromatography (HPLC) using a reverse-phase C 18 Ultrasphere-ODS 5 ~m column (25 x 0,46 em, Beckman) with 5% methanol in 10 mM phosphate buffer (pH 3.2) as mobile phase (1 ml/min). Fluorescence was monitored using an excitation wavelength of 365 nm and an emission cutoff filter of 435 nm (9, 10) . Concentrations of Bip and Nep were normalized relative to the creatinine content in urine.
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Statistical procedure
The significance of the differences between data was assessed by Student's t-test. Two-tailed values of P < 0.05 were regarded significant. Previously, all the data points to be compared were confirmed to follow a normal distribution according to the KolmogorovSmirnov test. Analyses of variance showed no interaction between sex and condition (normal control or PKU heterozygote) in any variable studied.
Results Table 1 shows the means and standard errors for urinary levels of Bip and Nep, as well as for the Nep/ Bip ratio, in our normal control group. Significant differences were found between males and females in Nep, before (Nepo) and two hours after the load (Nep2), and Bip, before (Bipo) and four hours after the load (Bip4)' In these cases, pteridine levels were higher in females than in males. However, these differences became not significant when the Nep/ Bip ratio was considered.
Comparing pteridine excretion before and after the Phe load, a significant difference (p < 0.001) was found between Bipo and Bip2 or Bip4, both in females and in males, while Nep suffered no change, remaining at basal levels. The relative increase suffered by Bip (Bip2/ Bipo and Bip4/Bipo ratios) was found not to be significantly different between sexes (Fig. 1 ).
Nep and Bip in the PKU heterozygote group are summarized in Table 2 . As in normal controls, a significant increase in Bip levels after the Phe load was observed, whereas Nep remained at basal levels. It is noticeable that in both heterozygote and normal groups, the Bip increment mainly happened in the period of time between the load and the first two hours, and remained in that level at least until four hours after the supplementation (Fig. 1) .
Looking for some differences in pteridine excretion between heterozygotes and controls that could be applied to the identification of PKU carriers, we analyzed differences between means in the variables studied. Neither Nep, Bip nor Nep/ Bip ratio, before or after the load, resulted significantly different between groups, even when the sex was taken into consideration. We also applied the analysis to the relative increases suffered by pteridines after the load and no difference was found .
Discussion
The effect of an oral load of phenylalanine on the levels of neopterin and biopterin in urine has been determined in 8 heterozygotes for classical phenylketonuria and 25 supposed normal controls. The amounts of Nep and Bip excreted in urine resulted different between males and females , which confirms the data reported in the literature to date (11) . However, when the Nep/ Bip ratios are considered, this difference disappears, which means that the relative amounts of excreted pteridines are the same in both sexes. After the Phe load, an important increase in urinary Bip was found both in PKU heterozygotes and in normal controls. We found that the response occurred mainly during the first two hours (Bip2/ Bipo), being maintained at least until the fourth hour (Bip4/Bipo) . The relative increase was of the same order both in females and in males. These results reflect that an increase in Phe concentration in serum provokes the ± SE) in Bip levels in males and females from control and PKU heterozygote groups after an oral load ofL-Phe (100 mg/ kg body weight). Bipz/ Bipo, relative increase respect to basal levels in the second hour after the load ; Bip4/ Bipo, relative increase respect to basal levels in the fourth hour after the load . H, heterozygotes; C , controls.
presence of higher amounts of Bip in urine, confirming the regulation of pteridine metabolism by Phe, as had been reported previously (3, 4, 12, 13) .
The results of the analyses of pteridines in urine from PKU heterozygotes did not show any differences respect to those obtained in normal controls, neither before nor after the Phe load. This is in contrast with results reported for serum pteridines where significant differences were found between both groups (12) .
From these data, we can conclude that measurement of Nep and Bip in urine cannot help in the identification of PKU carriers. The differences in Phe and Tyr between heterozygous and normal individuals, even if enhanced by Phe supplementation, do not result big enough to induce a differential excretion of pteridines in urine that could serve in the diagnosis of the carriers.
